The purpose of this article is to review risk behaviors and their health consequences in adolescents with type 1 diabetes. The existing literature on common risk behaviors in adolescents is examined, with a focus on illicit drug use, alcohol use, smoking, unprotected sexual activity, and disordered eating behaviors.
Conclusions
A review of the literature highlights the lack of studies of risk behaviors in this population. Much of what is known comes from studies with adolescents in the general population or from studies of adults with type 1 diabetes. Known risk and protective factors for risk behaviors and health outcomes are noted. Based on these findings, suggestions are provided for diabetes educators and health care providers to assess for and prevent risk behaviors in adolescents with type 1 diabetes. Directions for future research in this population are indicated, including the need to develop and test standardized prevention programs. A dolescence is a time of great physical and emotional growth, risk taking, and vulnerability. Adolescents partake in numerous behaviors that may be detrimental to their health, such as unprotected sex and disordered eating behaviors. In addition, illicit drug, alcohol, and tobacco use is common in high school students. In 2009, the Centers for Disease Control and Prevention's Youth Risk Behavior Surveillance found that among American high school students, 73% had consumed alcohol, 46% had ever smoked a cigarette, and 46% were sexually active. 1 In another national survey, 48% of 12th graders reported that they had tried illicit drugs in their lifetime (most commonly, marijuana). 2 Thus, these behaviors are occurring at high rates in healthy teens who do not have the developmental capacity to fully appreciate the potential negative impact of these behaviors on their health. Because adolescents have immature prefrontal cortex development, they may feel that they are invincible to the outcomes of their risk behaviors. 3 The purpose of this article is to explore the impact of alcohol, tobacco, and illicit drug use; risky sexual behavior; and disordered eating behavior on metabolic control in adolescents with type 1 diabetes and to provide recommendations to diabetes educators and health care providers as to how they can effectively minimize the risk to adolescents with diabetes.
Type 1 diabetes is one of the most common chronic diseases of childhood, with a peak age of onset during adolescence. 4 Glycemic control often deteriorates in adolescence owing to the numerous physiologic and psychosocial changes that occur during this developmental stage, including increased insulin resistance related to the insulin agonist impact of pubertal hormones, significant weight gain, and a need for increased insulin dosage, 5 as well as increasing independence from parents. Unfortunately, this newfound autonomy often leads to poor self-management, which exacerbates poor glycemic control. 6 In addition, adolescents with chronic conditions may be even more likely to engage in risk behaviors than their peers, 7 and these behaviors have the potential for greater adverse health outcomes in chronically ill youth. 8 Surprisingly, the exact impact that risk behaviors have on glycemic control has not been extensively explored in adolescents with type 1 diabetes. To provide appropriate counseling and treatment recommendations, health care providers and diabetes educators need to be aware of the kinds of behaviors that adolescents are most likely to engage in and how these behaviors may affect their glycemic control and other health outcomes.
The risk behavior in adolescence framework proposed by Richard Jessor identifies the importance of risk behaviors in an adolescent's personal development, as these behaviors "can be instrumental in gaining peer acceptance and respect; in establishing autonomy from parents; in repudiating the norms and values of conventional authority; in coping with anxiety, frustration, and anticipation of failure; or in affirming maturity and marking a transition out of childhood and toward a more adult status." 9 This framework highlights the role that risk behaviors play in the natural development of adolescents. In the context of adolescents with type 1 diabetes, however, these behaviors come with additional consequences. The current article describes the rates of risk behaviors in the general population, summarizes any information known about rates in adolescents with type 1 diabetes, and describes the possible effects of these behaviors on glycemic control and other health outcomes.
Substance Use Alcohol
Although illegal before the age of 21 years, alcohol consumption is common in adolescents. As noted above, approximately 73% of high school students report having ever consumed alcohol, and 24% report having had 5 or more drinks in a row (binge drinking). 1 Similar rates have been found in older high school students with type 1 diabetes. 10 For adolescents with type 1 diabetes, however, drinking alcohol can have a significant negative impact on their blood glucose levels. For example, one study found that moderately heavy alcohol consumption by adolescents with type 1 diabetes in a social setting (mean of 9 drinks for males, 6 for females-along with meals, sweetened mixers, and dancing) was associated with increased glycemic variation but not with hypoglycemia. 11 In adults with type 1 diabetes, consumption of alcohol has been linked with a greater number of hypoglycemic episodes the following day, 12, 13 as well as impaired ability to recognize symptoms of hypoglycemia, a potentially serious outcome. 13 Results from these studies should be interpreted with caution, however, because of the small sample sizes (N = 10-17); more research is still needed to determine the patterns of alcohol use in adolescents with type 1 diabetes and the effects on self-management and blood glucose.
Tobacco
The average smoker begins at age 12 years and is a regular smoker by age 14 years; 90% of adult smokers report that they began smoking cigarettes in adolescence. 14 The exact prevalence of smoking in adolescents with type 1 diabetes has not been reported, but some studies have reported that smoking among teens with a chronic condition is equal to or higher than that of adolescents without a chronic condition. 7, 15 One study asked adolescents with type 1 diabetes why they started smoking, and they reported a variety of reasons, such as a conscious decision to start and continue smoking, pure experimentation, and growing up with parents who smoked. 16 The same study found that few adolescents reported receiving advice from their health care providers regarding smoking and that many adolescents believed that their providers were not aware of their smoking. 16 Note that some adolescents may use smokeless tobacco products (eg, snuff, chewing tobacco) instead of cigarettes; about 9% of high school students report using it, with rates higher among boys than girls. 2, 17 Tobacco smoking is a leading cause of preventable death worldwide, and smoking has been linked to many serious adverse outcomes, including many types of cancer, chronic obstructive pulmonary disease, and coronary heart disease. 18 In terms of metabolic outcomes, a study with a large sample of adolescents (N = 27,561) found that adolescent smokers with type 1 diabetes had higher A1C levels compared with nonsmokers. 19 Smoking induces abnormal secretion of pituitary and counterregulatory hormones, and this increase in growth hormone and cortisol may lead to higher blood glucose levels, one possible explanation for the higher A1C levels. 19 Further studies of adult smokers with diabetes have consistently shown that smoking is associated with microalbuminuria, diabetic nephropathy, and retinopathy. 20, 21 Although the effects of smokeless tobacco have not been studied in adolescents with type 1 diabetes, the American Heart Association recently issued a statement that smokeless tobacco products are harmful to cardiovascular health. 17
Illicit Drug Use
Illicit drug use is somewhat less common than alcohol or nicotine use among adolescents; while slightly less than half of all 12th graders have ever tried illicit drugs, 2 only 9% of youth aged 12 to 17 years report current use. 22 A recent study showed that teens with type 1 diabetes in 8th through 10th grades had a lower lifetime prevalence rate of illicit drug use (9.6% vs 22%) when compared with a national average, but by the 11th and 12th grades, the rates among adolescents with type 1 diabetes were equal to the national average. 10 Another study that examined illicit drug use among adolescents and young adults (16-30 years old) with type 1 diabetes found that almost 40% of responders admitted to using illicit drugs, most frequently marijuana. 23 Note, however, that results from these studies are limited by the use of self-report questionnaires to determine prevalence of drug use, which may lead to over-or underreporting.
There appears to be a reciprocal relationship between illicit drug use and glycemic control, as adolescents with poor glycemic control are more likely to use drugs and the drugs themselves contribute to episodes of hypo-or hyperglycemia. 23 Although marijuana does not appear to have a direct effect on blood glucose, 24 it does impair judgment and increase appetite, which is likely to have a negative effect on self-management behaviors (eg, carbohydrate counting). Drugs such as ecstasy are associated with reported episodes of diabetic ketoacidosis. 23 Furthermore, while only 28% of adolescents report being aware of the adverse effects of illicit drug use on diabetes self-management and glycemic control, 48% report taking extra precautions when using drugs (eg, telling friends they have diabetes, conducting more frequent blood glucose checks). 23
Sexual Behaviors That Contribute to Unintended Pregnancy and Sexually Transmitted Diseases
Sexual exploration frequently begins in adolescenceas noted above, 46% of high school students report having had sexual intercourse. 1 Adolescents with type 1 diabetes may be at increased risk for unplanned pregnancy and sexually transmitted diseases; one study of adolescents with type 1 diabetes found that only half those who were sexually active used condoms or other forms of birth control 25 (as compared with 61% in the general population). 1 Girls with type 1 diabetes may engage in unprotected sex because they mistakenly believe that they will have difficulty conceiving due to their diabetes. 26 For adolescent girls with diabetes, unplanned pregnancy comes with added adverse outcomes. Poor glycemic control before conception and early in pregnancy increases risk for maternal and fetal complications, including early pregnancy loss, obstetrical complications, ketoacidosis, hypoglycemia, and renal, ocular, and/or microvascular complications. 27 Although the American Diabetes Association recommends that women receive preconception counseling starting at puberty, 28 a recent study found that less than half of adolescents with type 1 diabetes reported discussing birth control with a health professional. 25 A preventive program for adolescent girls with diabetes, READY Girls, was found to increase knowledge and intention to seek preconception counseling and use effective family planning. 29
Eating Disorders and Insulin Omission
Disordered eating behavior is also common in adolescents, especially girls. According to the Youth Risk Behavior Surveillance, 45% of high school students reported trying to lose weight, and this percentage was higher among females than males. 1 Furthermore, 41% of students reported that they had restricted their diet, 11% reported going for 24 hours without eating, 5% reported taking diet pills, and 4% had vomited or taken laxatives in order to lose weight, 1 highlighting the prevalence of disordered eating behavior in adolescence.
In contrast to previously discussed risk behaviors, there has been a greater focus on disordered eating behaviors specifically in adolescents with type 1 diabetes in recent years. Adolescent girls with type 1 diabetes are at 2.4 higher risk than their counterparts without diabetes to have some form of an eating disorder. 30 Particularly alarming is the use of insulin reduction and omission for the purpose of losing weight in adolescents. This behavior is fairly common and may occur in patients who do not meet criteria for an eating disorder; it has been reported by 31% to 36% of women with type 1 diabetes. 31, 32 Insulin omission places the individual at suboptimal glycemic control and at risk for earlier complications from diabetes. Longer duration of insulin omission increases the risk for microvascular complications, including retinopathy and nephropathy, as well as mortality. 33 These findings underscore the prevalence of eating disorders and their serious consequences in adolescents with type 1 diabetes.
Clinical Implications
Research supports that risk behaviors in adolescents with type 1 diabetes can have detrimental effects on health outcomes and that adolescents often have a lack of understanding and/or misunderstanding of their personal risk related to consumption of alcohol, cigarette smoking, illicit drug use, unprotected sex, and disordered eating behaviors. It is also important to remember that many of these risk behaviors cluster. While experimentation and engagement in risk behaviors are part of normal growth and development for adolescents, 9 diabetes educators and health care providers need to provide them with resources and knowledge to reduce their personal health risk.
Identifying Risk and Protective Factors
While there is limited research focused on identifying which adolescents with diabetes are most likely to engage in risk behaviors, findings from the general population have identified populations who are at higher risk. Table 1 describes risk and protective factors for various behaviors and the implications they have for adolescents with type 1 diabetes. Recent studies suggest that many risk factors are evident before youth reach adolescence. 3 One early predictor of later risk behaviors is impulsiveness, seen as early as age 3 years 34 and most common in children with attentiondeficit/hyperactivity disorder. In addition, the tendency to seek out novel experiences, or sensation seeking, has been shown to strongly correlate with risk behaviors, such as smoking and alcohol use. 3 Symptoms of depression and anxiety, low self-esteem, and the desire to please others have also been found in individuals who engage in risk behaviors, including risky sexual activity. 35 Although lowincome and minority youth are often thought to be at greatest risk for drug and alcohol use, studies indicate that white adolescents living in suburban or middle-class households are actually more likely to drink alcohol and use illicit drugs when compared with normative samples. 35 In fact, African Americans have lower use of illicit drugs, alcohol, and cigarettes than white or Hispanic youth. 2 Finally, peers play a large role in adolescent risk-taking behavior, in that adolescents are more likely to engage in the same risk behaviors as their peer group. 3 One of the most powerful protective factors against adolescent risk behaviors is regular family meals. 36 Adolescents who report eating dinner with their family at least 5 to 7 times per week are significantly less likely to use alcohol, tobacco, and marijuana. 36 Regular family meals have also been found to protect against disordered eating behaviors. 37 It is likely that the increased accountability of having to be home for meals, as well as the increased communication associated with family meals, provides the protective effects. 36 Perceived risk and availability are also factors in drug use. 2 For example, perceived risk for marijuana, the most commonly used illicit substance, is low: Only 52% of 12th graders perceive great risk in regular use, and it is one of the most available substances. 2 College plans are another protective factor-students who are college-bound are at lower risk for using drugs, drinking heavily, and smoking cigarettes. 2 Finally, involvement in extracurricular activities appears to be protective against drug use. 2
Assessment of Risk Behaviors
Assessment of lifestyle and risk behaviors is paramount, as these behaviors are not likely to be disclosed by adolescents without direct questioning. A well-studied interview for assessing adolescent risk behavior is the HEADSSS psychosocial inventory (home, education, eating, activities, drugs, sexuality, suicide/depression, and safety), 38 which was modified to focus on risk behaviors most salient for adolescents with type 1 diabetes (see Table 2 ). Ideally, risk behavior assessments with adolescents occur privately, without parents or other adults present, to gain trust and promote honest answers. The educator or provider can explain that he or she will be asking some personal questions and that the adolescent's responses are confidential, with the exceptions clearly presented where confidentiality is to be broken (eg, if adolescents reveal they are thinking of hurting Higher A1C Increased risk for diabetic nephropathy and retinopathy Higher rates of mortality themselves). Confidentiality laws vary by state, so it is important for diabetes educators and health care providers to be aware of the laws where they practice. It is also important to respect parental values regarding these risk behaviors while still conveying important information. These conversations are best begun in early adolescence, before the child is likely to have engaged in risk behaviors.
Following the format of the HEADSSS interview, start with nonthreatening questions and progress to more personal and sensitive questions. It can be helpful to start a discussion of a potentially personal and intrusive subject by normalizing the behavior. For example, when asking about alcohol use, begin with "I know many teenagers engage in the consumption of alcohol. Does anyone at your school drink alcohol?" and proceed to "Do you know anybody or have any friends who drink? Have you ever consumed an alcoholic beverage?" When broaching these topics, avoid making assumptions and ask open-ended questions as often as possible. 38 Some questions specific to adolescents with type 1 diabetes are recommended. For example, insulin pump users should be asked when they take their pumps off. If the adolescent admits to being sexually active, the provider should ask whether the pump is taken off during sexual activity. It is also important to examine the bolus patterns in the pump, as it may be possible to see whether the adolescent has missed boluses. Of particular concern, the adolescent may be skipping boluses to manage his or her weight. Asking the question "Do you take less insulin than you should?" may serve as a screening tool for identifying disordered eating behaviors. 30 Researchers recommend early and routine screening for such problems by asking about unusually low-caloric meal plans, unexplained elevations in A1C, unexplained ketoacidosis, and possible amenorrhea. 30, 39 If problems are identified, a collaborative multidisciplinary team approach is recommended to treat the eating disorder within the context of diabetes, with the goal of establishing medical safety and normalizing eating and diabetes self-care behaviors. 30 Adolescents with type 1 diabetes also engage in other behaviors that may pose health risks, such as forgetting diabetes supplies (or choosing not to bring them) and skipping boluses (aside from doing so for weight control, as discussed above). These problems with adherence are common among adolescents with type 1 diabetes-with rates as high as 93% 40 -and have been associated with poorer glycemic control and increased risk for medical complications. 41 Adolescents report several obstacles to adherence, including the development of independence from parents, family conflict, and social concerns (eg, fitting in with peers and not wanting to stop enjoyable activities to perform diabetes tasks). 42 Several interventions have been developed to improve adherence in adolescents with type 1 diabetes, and the most effective ones simplify and minimize the demands of treatment management while helping teens share the burden with others. 42
Educating Adolescents and Parents
Numerous interventions to prevent or stop adolescent risk behaviors have been studied in the general population. 43 While there is little research on preventive interventions for risk behaviors specifically in adolescents with type 1 diabetes, the literature from the general population is relevant. Incorporating education and direct open conversations about high-risk behaviors as part of the routine assessment at regular clinic visits is vital to prevention. A detailed examination of the family history and the adolescent's social situation may help to identify possible risk factors for engaging in these behaviors (see Table 1 ). To help families build a supportive network, diabetes educators and clinicians must build partnerships among providers, adolescents, and parents; collaborate with school nurses; and refer to community and mental health resources as needed. 28 Educating adolescents about the effects of risk behaviors on their health is important, as is encouraging teens to surround themselves with friends who share the same values. In addition to educating adolescents about the consequences of risk behaviors, diabetes educators and providers can help teens develop skills and strategies to make good choices in the face of risky situations. Letting friends know that they have diabetes and wearing a medical identification bracelet, for example, may protect teens from some of the negative effects of drug or alcohol use. Finally, frank discussion of the medical complications associated with the use of illicit drugs, alcohol, and tobacco use may give adolescents a reason to quit. It is essential not to underestimate the importance of this discussion; one of the strongest predictors for drug use is the perception that drugs are not dangerous to one's health. 2 While it is important to have these conversations in a private session with adolescents, including the family in preventative education may be beneficial. Having a similar conversation with adolescents' parents/caregivers may increase their awareness of the increased risks their teens face and, hopefully, initiate further conversations at home. It is well established that continued involvement of parents in diabetes management is related to better outcomes. 6 Diabetes educators and providers can act as cheerleaders for parents, empowering them to stay involved and set limits with their adolescents. If parents are supported by providers and educators, they may feel more comfortable talking at home with their adolescent children about risk behaviors. Studies support that parents have a large impact on adolescents' decisions to engage in risk behaviors, such as drug use and sexual activity. 36 The educator or provider can be a conduit in helping parents praise and acknowledge adolescents' healthy choices.
Follow-up
The lives of adolescents are fluid and dynamic, and while one day they may promise to abstain from alcohol, cigarettes, drugs, and sex, they may quickly change their minds. The most important thing that a diabetes educator or provider can do to prevent risk behaviors is assess for these behaviors regularly and tailor counseling and education accordingly. Adolescents who are not sexually active, for example, will understand preconception counseling from a perspective different from those who are active. Adolescents with type 1 diabetes are typically seen on a quarterly basis, allowing for frequent assessment of risk and protective factors and behaviors while providing education around the most relevant risk behaviors for individual adolescents. Much time and effort are spent warning and redirecting adolescents, but the positive reinforcement of congratulating them for avoiding risky behaviors may also be beneficial.
Conclusions
The paucity of the literature in this area of risk behaviors in adolescents with type 1 diabetes highlights the need for further research. Much of the research that is available is limited by extremely small sample sizes, inadequate control groups, and conflicting findings. Nonetheless, important findings have emerged that can guide diabetes educators and providers in their conversations with youth. One of the most well-studied potentially risky behaviors in teens with diabetes 44 -that is, driving-may provide a model for developing guidelines and interventions to prevent risk behaviors in adolescents with type 1 diabetes. Driving is one area in which most diabetes educators and providers offer clear education and recommendation, likely because parents and providers feel more comfortable talking with teens about driving than they do about more sensitive subjects, such as sexuality or drug use.
In conclusion, assessment, education, and intervention around risk behaviors in adolescents with diabetes are all important. Ideally, assessment begins at an early age, and preventive education about risk behaviors is provided as indicated. Known risk and protective factors for these behaviors are highlighted here, but more research is needed to identify which factors are most salient for adolescents with type 1 diabetes. Many health care providers are hesitant to have these conversations because they are unsure of what to do if the adolescent admits to engaging in these behaviors. In this article, we provide suggestions for questions to help diabetes educators and providers begin these conversations. Assessing for these behaviors and intervening when necessary can decrease risks of medical complications in adolescents with type 1 diabetes and may even save their lives.
